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S W R Y  

Progressive e x t r a c t i o n  of c o a l  wi th  pyridine f o r  d i f f e r e n t  per iods of time has 

Alkylbenzenes and phenols predominate 
s h a m ,  by mass s p e c t r a l  and o t h e r  analyses ,  t h a t  c e r t a i n  types of const i tuents  a r e  
prominent i n  the  e a r l y  s t a g e s  of ex t rac t ion .  
i n  the f i r s t  e x t r a c t ;  polynuclear  aromatics a r e  found t o  be ex t rac ted  later.  The 
order  of e x t r a c t i o n  is  important i n  t h e  mechanism of e x t r a c t i o n  of coals .  

INTRODUCTION 

Solvent e x t r a c t i o n  of coal  has been used f o r  many years  i n  studying t h e  cons t i -  ! 
t u t i o n  of coa l .  With pyr id ine ,  one of the  b e s t  coal  so lvents ,  an appreciable f rac-  
t i o n  of the  o r i g i n a l  can be ex t rac ted  from high  v o l a t i l e  and medium v o l a t i l e  b i -  
t m i n o u s  coa ls .  For these  coa ls  the e x t r a c t  is considered f a i r l y  representat ive 
of t h e  whole coa l ,  and experiments c a r r i e d  out  on t h e  e x t r a c t s  a r e  therefore  reason- ’ 
ably representa t ive  of  the whole coal .  The pyridine e x t r a c t  i t s e l f  i s  generally 
considered t o  y i e l d  but  l i t t l e  more i n f o r y t i o n  than does the parent  coal; i t  is 
q u a l i t a t i v e l y  q u i t e  similar t o  t h e  coa1. l  
t r a c t a b l e  sample than t h e  coa l  and makes poss ib le  f u r t h e r  processing i n  solut ion.  
And, as f h u n  before ,  t h e r e  are q u a n t i t a t i v e  d i f f e r e n c e s  between e x t r a c t  and 
residue.- The p r i n c i p a l  p r a c t i c e  in  solvent  e x t r a c t i o n  is  exhaustive ex t rac t ion  
V I  LIE sruupie i n  o r d e r  co obcain tne n ighes t  y i e l d  poss ib le .  
c lose ly  a t  t h e  e f f e c t  of t i m e  of e x t r a c t i o n  on the  y i e l d  of extract . -  

But the e x t r a c t  does present  a more 

- e  _.~. Dryden31fas looked 

1) 

I n  ex t rac t ing  coa ls  under var ious condi t ions f o r  mass spectrometr ic  invest iga-  
t i o n s ,  quest ions a r o s e  concerning a poss ib le  order  of components coming out of the  
coal. Are a l l  chemical e n t i t i e s  ex t rac ted  simultaneously? A r e  the  following p a i r s  
ex t rac ted  together  o r  i n  succession: A l i p h a t i c s  and aromatics ,  alkylbenzenes and 
alkylnaphthalenes,  c y c l i c  hydrocarbons and he terocycl ics ,  a c i d s  and bases ,  e tc .?  
Dormans and van K r e v e l e d j  found t h a t  molecula weights  of t h e  f r a c t i o n s  increase 
with increasing e x t r a c t i o n  t i m e ;  van KreveledT has used such e x t r a c t i o n  da ta  and 
polymer theory t o  f i n d  the i n t e r e s t i n g  r e s u l t  t h a t  the e x t r a c t a b i l i t y  of coal  sol- 
vents  can be ca lcu la ted .  

e x t r a c t i o n s ,  a method introduced by Rybicka,- 67 has been c a r r i e d  out ;  the  compari- 
son of  in f ra red  s p e c t r a  by Brow& is c i t e d  above. W e  have inves t iga ted  possible  
e f f e c t s  of e x t r a c t i o n  t i m e  on composition of  t h e  e x t r a c t s  by u t i l i z i n g  pro ress ive  

t h a t  only one so lvent  is used and e x t r a c t i o n  times a r e  var ied from a few minutes 
t o  many hours. 
Previously w e  have shown t h a t  low ionizing vol tage mass s p e c t r a  of coal  e x t r a c t s  
can determine q u a n t i t a t i v e l y  fami l ies  of  
t h a t  are v o l a t i l e  a t  300° C i n  a vacuum.z9 Prel iminary experiments on the  ex- 
t r a c t i o n  process quick ly  showed t h a t  a f t e r  many minutes of e x t r a c t i o n  there  was no 
longer  any d i f f e r e n c e ,  d e t e c t a b l e  by mass spectrometry, i n  t h e  compositions of the  
e x t r a c t s .  
i l l u s t r a t e d  b e s t  i f  samples were co l lec ted  a f t e r  5 minutes, a f t e r  30 minutes, and 
a f t e r  many hours of e x t r a c t i o n .  

[I 

r 

To our knowledge no d e t a i l e d  charac te r iz  t i o n  of the  products from successive 

e x t r a c t i o n ,  which d i f f e r s  from t h e  successive e x t r a c t i o n  method of R y b i c k d  i? i n  

Mass spectrometry was used  as t h e  p r i n c i p a l  t o o l  of  invest igat ion.  

e r i v a t i v e s  of var ious aromatic nuclei  

It  w a s  concluded t h a t  t h e  e f f e c t s  of progressive e x t r a c t i o n  would be 
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EXPERIMENTAL PROCEDURE 

The procedure f o r  progressive e x t r a c t i o n  w a s :  One gram of P i t t sburgh  coal  of 
< 200 mesh was combined with 2 cc  of  pyridine.  
f o r  5 minutes, a f t e r  which time the  sample w a s  opened and the  s o l u t i o n  immediately 
f i l t e r e d  t o  remove t h e  e x t r a c t  and solvent  from f u r t h e r  contact  wi th  t h e  coa l .  
The e x t r a c t  so lu t ion  was immediately centr i fuged i n  order  t o  remove t h e  e x t r a c t  
from any minute amounts of coa l  remaining. The coal  thus  separated from the  ex- 
t r a c t i o n  process w a s  subjected t o  a f u r t h e r  e x t r a c t i o n  with a new sample of added 
pyridine and the e x t r a c t i o n  was c a r r i e d  out  f o r  30 minutes. A t  the  end of 30 
minutes the i s o l a t i o n  of the  e x t r a c t  was repeated a s  before. The process w a s  then 
c a r r i e d  out again a f t e r  17 hours of e x t r a c t i o n  and an e x t r a c t  was aga in  separated.  

The mixture was shaken mechanically 

The mass spectrometer was a Consolidated Electrodynamics Corp. 21-103C with a 
heated i n l e t  system fabr ica ted  i n  our labora tory  and usua l ly  operated f o r  t h i s  
work a t  290" C. Data on aromatics were obtained from low-ionizing vol tage spec t ra .  

The mater ia l  analyzed by t h e  mass spectrometer i s  t h a t  m a t e r i a l  t h a t  is  s u f f i -  
c i e n t l y  v o l a t i l e  t o  be observable. The remainder of each e x t r a c t  is  unknown. The 
s igni f icance  of the d a t a  obtained l i e s  i n  the comparison of fami l ies  of aroplatics 
observed f o r  the var ious e x t r a c t s .  Comparison of weight-average molecular weights 
with those published is not  meaningful. It was determined t h a t  90 percent  of the  
material v o l a t i l i z e d  a t  300' C from Pi t tsburgh coal  is  removed from coal  by pyr i -  
d ine  ex t rac t ion .  For t h i s  reason i t  is believed t h a t  the mass s p e c t r a  of pyridine 
e x t r a c t s  a r e  representa t ive  of t h e  e x t r a c t  and of he coal. Good r e p r o d u c i b i l i t y  
of mass spec t ra  of e x t r a c t s  has been establ ished.-  7F 

RESULTS AND DISCUSSION OF RESULTS 

Mass Spectra. The mass s p e c t r a l  analyses  and t h e  amounts of e x t r a c t  obtained 
i n  terms of percent of t h e  o r i g i n a l  coal  are indicated i n  t a b l e  1. Resul ts  of the  
mass s p e c t r a l  analyses  i n d i c a t e  t h e  following: (1) One- and 2-r ing aromatics  pre-  
dominate i n  the  5-minute e x t r a c t ;  higher  aromatics predominate wi th  longer  ex t rac-  
t i o n  times. 
would be present  i n  t h i s  e x t r a c t . g /  
naphthaleneswere much g r e a t e r  f o r  the  5-minute e x t r a c t  than f o r  t h e  o ther  two ex- 
t r a c t s .  
minute e x t r a c t  a r e  a l l  less than those i n  the  longer-time e x t r a c t s .  (4)  The l a r g -  
es t  components found i n  the  5-minute e x t r a c t  a r e  4-ring, c a t a -  and peri-condensed 
aromatics;  the 30-minute and 17-hour e x t r a c t s  show components up through 6 r ings  
peri-condensed. 
of  3-r ing and smaller aromatics;  t h e  17-hour e x t r a c t  contains  s l i g h t l y  g r e a t e r  
amounts of 4-r ing and l a r g e r  components. 
QHg, C7H8, CgH10, e t c . )  t h e  d i s t r i b u t i o n  maximizes a t  the lowest molecular weight 
f o r  the  5-minute e x t r a c t .  This  i s  observed f o r  benzenoids and phenols. Maxima f o r  
t h e  o ther  two e x t r a c t s  occur a t  higher  molecular weights. 

This is expected on the  b a s i s  t h a t  lower molecular weight mater ia l s  
( 2 )  Percentages of benzenes, phenols, and 

(3) Yields of phenanthrenes-anthracenes and higher  aromatics  i n  t h e  5- 

(5) The 301ninute e x t r a c t  contains  s l i g h t l y  higher  concentrat ions 

( 6 )  Within a family of aromatics  (e.g., 

The l a r g e r  concentrat ion of phenols i n  t h e  i n i t i a l  51ninute e x t r a c t  i s  a s i g -  
n i f i c a n t  f inding.  
important f a c t o r  i n  coal  e x t r a c t i o n .  
i n  s o l u b i l i t y  parameters,6, f o r  coa ls  and so lvents  a r e  apparent ly  of g r e a t  import- 
ance i n  the e x t r a c t a b i l i t y  of coal  solvents ;  h acknmle  ged t h a t  chemical pro- 
p e r t i e s  a r e  a l s o  l i k e l y  t o  b e  very important.>j Drydexd and Halleux and Tschamlerl' 
have shown t h a t  t h e  a v a i l a b i l i t y  of f r e e  e l e c t r o n  p a i r s  i n  hvdrogen bonding sol- 
vents  such a s  pyridine is  important i n  i n t e r a c t i o n s  with a c i d i c  m a t e r i a l s .  

It is  a d i r e c t  ind ica t ion  t h a t  the  b a s i c i t y  of pyr id ine  i s  an 
Van Krevelen has  shown t h a t  t h e  d i f fe rences  

\ 



The beginning of t h e  pyridine e x t r a c t i o n  process may be the  "unlocking" of I- 

t h e  coal  s t r u c t u r e  through d i s s o l u t i o n  of phenol ic  s t r u c t u r e s ,  which are apparently ?- 
hydrogen bonded ( i n f r a r e d  s p e c t r a  of coa ls  i n d i c a t e  only hydrogen bonded OH, no '- 
f r e e  OH). Hpwever, it has  not  been es tab l i shed  whether the  "unlocking" process 
a c t u a l l y  involves the  breaking of hydrogen bonded s t r u c t u r e s .  t' 

Infrared Spectra .  The spec t ra  of e x t r a c t s  and res idues  were compared. As 
described by Brown, t h e r e  are no q u a l i t a t i v e  d i f f e r e n c e s ,  but  t h e r e  a r e  semi- 
q u a n t i  a t i v e  i n d i c a t i o n s  of changes i n  inf ra red  absorpt ion wi th  ex ten t  of extrac-  
tion.&? Q u a n t i t a t i v e  f fe rences  a r e  appreciable  as we found on comparing spectra  
of e x t r a c t s  and c o a l s . j f  On t h e  quest ion of "unlocking" of  hydrogen bonded s t ruc-  
t u r e s  i n  coal  t h e  i n f r a r e d  spectrum of the  5-minute e x t r a c t  ind ica tes  a s l i g h t l y  
higher  absorpt ion a t  1260 cm-l. This absorpt ion is a t t r i b u t a b l e  t o  phenolic s t ruc-  
t u r e s ,  so a s l i g h t l y  g r e a t e r  concentrat ion of phenolic s t r u c t u r e s  i s  indicated for  
t h e  i n i t i a l ,  5-minute e x t r a c t .  This r e s u l t  is a t  least  some corroborat ion f o r  the 
mass s p e c t r a l  i n d i c a t i o n  of a higher  phenol concentrat ion i n  the  5-minute ex t rac t .  
The OH s t r e t c h i n g  band at  3300 an-1 is not  a r e l i a b l e  ind ica t ion  of phenolics i n  
coa l .  

Al ipha t ic  CH absorp t ion  i n  res idues  and e x t r a c t s  a r e  compared i n  table  2 .  
The residue from t h e  30-minute e x t r a c t  shows an absorbance decrease of 46 percent 
r e l a t i v e  t o  the e x t r a c t .  Also it  is i n t e r e s t i n g  t o  note  t h a t  t h e  h ighes t  a l i p h a t i c  
C-H concentrat ion occurs  i n  t h e  30-minute e x t r a c t ;  the  a l i p h a t i c  C-H content of 
t h e  5-minute e x t r a c t  is somewhat lower. 

The GI content  of  t h e  res idues  are a l l  smaller  than t h e  corresponding ex t rac ts .  
Also, res idues show decreas ing  C-H contents  with increase  i n  e x t r a c t i o n ,  whic 
expected i n  view of t h e  g r e a t e r  (31 absorpt ion bands found i n  the extracts.- 1 27 is 

A l l  absorp t ion  bands in the resid~es are  slightly veakei 61-11.i iess weii-ae- 
f ined  than the corresponding bands i n  the e x t r a c t s .  The spectrum of a coal is 
m o s t  influenced by t h e  sharper  absorpt ion spec t ra  of t h e  e x t r a c t  which a r e  
a t t r i b u t a b l e  to components high i n  hydrogen, both aromatic  and sa tura ted .  

f Aliphatic/Aromatic Rat ios .  Determination of the  a l ipha t ic /a romat ic  r a t i o s  of 
t h e  various e x t r a c t s  were attempted by comparison of  t o t a l  ion iza t ion  from mass 
s p e c t r a  a t  low and h igh  ion iz ing  voltage. This  comparison indicated t h a t  the 
5-minute e x t r a c t  was s l i g h t l y  lmer i n  a l i p h a t i c  content .  This  r e s u l t  w a s  con- 
s idered  dubious, but  t h e  inf ra red  r e s u l t  apparent ly  confirms i t  as the  a l i p h a t i c  
CH content of t h e  5-minute e x t r a c t  is indeed s l i g h t l y  lower than t h a t  of the 30- 
minute e x t r a c t  ( t a b l e  2) .  
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f Table 1.- Frac t ions  from the progress ive  e x t r a c t i o n  o 
Pi t t sburgh  seam (hvab) coa l  wi th  p y r i d i n s  

Ext rac t ion  t i m e ,  hours 
Ex t rac t ,  weight percent of coa l  

0.08 0.5 17  
2.4 4.6 12.3 

Aromatic compound types ,  
including 

a l k y l  de r iva t ives  Weight percent  

Mass s p e c t r a l  analyses:b/  

Benzenes 
Phenols 
Dihydr i c  and/ o r  alkoxyphenol s 

Naphthalenes 

Indans 
Indanols 

, Indenes; naphthols 

Acenaphthenes 
Acenaphthylenes; f luorenes 
Anthracenes; phenanthrenes 
Naphthalenes, phenyl subs t i t u t ed  

4- r ing ,  cata-condensed 
O-ring, peri-condensed 
3- r ing ,  phenyl subs t i t u t ed  

5- r ing ,  cata-condensed 
5- r ing ,  peri-condensed 
6- r ing ,  peri-condensed 

29.2 
10.8 

25.4 

1.8 

6.0 
10.8 
3.0 
5 -5 

2.5 ' 

4.5 
.5 

1.9 
3 .1  

.5 

13.5 
1.1 
1.5 
2.2 

6.6 
6.8 

10.6 
7.8 

1.9 
3.2 

.5 

12 .2  
.7  

1.0 
2.1 

6.2 
6.4 
9.9 
7.6 

7.9 8.6 
11.2 11.9 

7.2 7.9 

8.0 8.9 
7.0 7.6 
3.1 3.4 

a/ One.of two complete runs. 
- b/ Compounds containing N ,  S, and non-phenolic 0 a r e  probably a l s o  present .  

Table 2.-  Inf ra red  spec t r a  of coa l  e x t r a c t s .  Absorbance va lues  
a t  2920 crn-l, a l i p h a t i c  C-H absorp t ion  band 

Ext rac t ion  time, hours Absorbance a t  2920 
Ext rac t  Res idue 

0.08 .22 .15 

0.5 .26 .14 

17.0 .16 .ll 
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